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FIG. 4
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FIG. 6

INNER-CIRCUMFERENCE-SIDE
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FIG. 7

OUTER-CIRCUMFERENCE-SIDE
TILT ANGLE ADJUSTMENT
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FIG. 8A
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OPTICAL DISK APPARATUS, CONTROL
METHOD, AND PROGRAM

CROSS REFERENCES TO RELATED
APPLICATIONS

The present invention contains subject matter related to

Japanese Patent Application JP 2007-278121 filed in the
Japanese Patent Office on Oct. 25, 2007, the entire contents of
which are incorporated herein by reference.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to optical disk apparatuses,
methods of controlling the apparatuses, and programs. More
particularly, the present invention relates to an optical disk
apparatus, a method of controlling the optical disk apparatus,
and a program capable of rapidly adjusting a tile angle indi-
cating a tilt of the optical axis of a pickup irradiating an
optical disk with laser light. The optical disk has multiple, for
example, two recording layers on one side.

2. Description of the Related Art

Optical disks that are irradiated with laser light to record
and play back data include compact discs (CDs), digital ver-
satile disks (DVDs), and magneto-optical (MO) disks.

High-capacity and high-density optical disks called Blu-
ray (Registered trademark) discs (hereinafter also referred to
as BDs) have been put to practical use 1n recent years.

The BDs include Blu-ray discs-Read Only Memory (BD-
ROMSs) used only for playback, Blu-ray discs-Recordable
(BD-Rs) on which data can be recorded only once, and Blu-
ray discs-Rewritable (BD-RWs) on which data can be
recorded multiple times.

Optical disks having multiple, for example, two recording,
layers are made practical in order to further increase the
recording capacities of the optical disks. Of the two recording,
layers, a recording layer near the cover layer 1s called an L1~
layer and a recording layer far from the cover layer 1s called an
“LO” layer.

In such an optical disk apparatus that records data on an
optical disk and plays back data on the optical disk, if the
optical axis of the (optical) pickup (the optical axis of laser
light), which irradiates the optical disk with the laser light and
receives reflected light of the laser light to output a radio-
frequency (RF) signal etc., does not form an appropriate angle
(for example, an angle of 90°) with the recording layer of the
optical disk, the spot of the laser light on the recording layer
of the optical disk can be distorted to prevent normal playback
or recording.

In order to resolve such a problem, the optical disk appa-
ratus performs a startup process to, for example, adjust the t1lt
angle indicating the tilt of the optical axis of the laser light
emitted from the pickup to an optimal tilt angle when, for
example, the optical disk 1s loaded 1n the optical disk appa-
ratus.

Specifically, 1in the startup process, the optical disk appa-
ratus adjusts the tilt angle at a position toward the inner
circumierence of the optical disk to detect an optimal tilt
angle toward the mner circumierence (an nner-circumier-
ence-side optimal tilt angle) and adjusts the tilt angle at a
position toward the outer circumierence of the optical disk to
detect an optimal tilt angle toward the outer circumierence
(an outer-circumierence-side optimal tilt angle).

In recording or playback, the optical disk apparatus calcu-
lates the optimal t1lt angle at each position 1n the radial direc-
tion of the optical disk by interpolation using the imner-cir-
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2

cumierence-side optimal tilt angle and the outer-
circumierence-side optimal tilt angle to control the tilt angle
so as to be equal to the optimal tilt angle at the position where
the recording or playback 1s performed on the optical disk.

In other words, the (radial) tilt angle of the objective lens
(the tilt of the optical axis of the objective lens) of the pickup
1s controlled in the optical disk apparatus.

The control described above allows the optical disk appa-
ratus to perform the normal playback or recording even if
optical disks that are used are individually varied or the cur-
vature of the optical disks are varied across the ages.

In a typical DVD having the two layers: the “L0” layer and
the “L1” layer on one side, the distance from (the surface
opposing the pickup of) the cover layer to the “L0O” layer 1s
around 0.6 mm and the distance from the cover layer to the
“L1” layer 1s around 90% of the distance from the cover layer
to the “LO” layer. Accordingly, the ratio between the distance
from the cover layer to the “L0” layer and the distance from

the cover layer to the “L17" layer 1s about 10:9, which 1s close
to 1:1. In other words, the distance to the “L0O” layer with
respect to the pickup 1s approximately the same as that to the
“L1” layer with respect to the pickup.

In addition, as for the DVD, the numerical aperture (NA) of
the objective lens of the pickup 1s not so high (around 0.6).

For the above reasons, when the pickup forms a certain
angle with the DVD (when the optical axis of the pickup
forms a certain angle with the recording layer of the optical
disk), the spot of the laser light formed on one of the “L0”
layer and the “L 17" layer has the same shape as the spot of the
laser light formed on the other layer.

Consequently, 1n the DVD having the two layers: the “L0”
layer and the “LL1” layer on one side, the optimal tilt angle
detected by adjusting the t1lt angle with respect to only one of
the “LO” layer and the “LL1” layer can be used for the other
layer. Accordingly, it 1s sulficient to detect the optimal tilt
angle with respect to only one of the “L0” layer and the “LL1”
layer and it 1s not necessary to detect the optimal tilt angle
with respect to the other layer.

However, technologies for adjusting the tilt angle with
respect to each of multiple recording layers on a DVD to
detect an optimal tilt angle at which an RF signal output from
the pickup has the largest amplitude are proposed (for
example, refer to Japanese Unexamined Patent Application
Publication No. 2007-095151).

The degree of a variation in amplitude of an RF signal with
respectto a variation in tilt (in the radial direction) of a typical
DVD (herematter referred to as a disk tilt sensitivity) coin-
cides with the degree of a vaniation 1n amplitude of the RF
signal with respect to a variation 1n tilt (in the radial direction
ol the optical axis) of the pickup (heremafter referred to as a
lens tilt sensitivity) whereas the disk tilt sensitivity does not
coincide with the lens tilt sensitivity 1n a typical BD.

SUMMARY OF THE INVENTION

In contrast, 1n a typical BD having the two layers: the “L0”
layer and the “LL1” layer on one side, the distance from the
cover layer to the “L0O” layer 1s around 0.1 mm and the
distance from the cover layerto the “L 17 layer 1s around 0.075
mm. Accordingly, the ratio between the distance from the
cover layer to the “L0” layer and the distance from the cover
layer to the “L1”" layer 1s about 4:3, which i1s far from 1:1. In
other words, the difference between the distance to the “L0O”
layer with respect to the pickup and the distance to the “L1”
layer with respect to the pickup 1n the BD 1s larger than that in

the DVD.
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In addition, as for the BD, the NA of the objective lens of
the pickup 1s rather high (around 0.85).

For the above reasons, when the pickup forms a certain
angle with the BD, the spot of the laser light formed on one of
the “L.O” layer and the “L1” layer 1s greatly different in shape
from that formed on the other layer.

Consequently, 1n the BD having the two layers: the “L0”
layer and the “LL1”" layer on one side, the t1lt angle 1s adjusted
with respect to each of the “L0O” layer and the “L1” layer to
detect the optimal t1lt angle with respect to each layer. In the
recording or playback, 1t 1s desirable that the tilt angle with
respect to the “L0O” layer be controlled by using the optimal
t1lt angle detected for the “L0O” layer and the tilt angle with
respect to the “L1” layer be controlled by using the optimal
t1lt angle detected for the “L1” layer 1n order to perform the
normal playback or recording.

However, when the tilt angle 1s adjusted by using an RF
signal as in the case disclosed 1n Japanese Unexamined Patent
Application Publication No. 2007-095151, 1t 1s necessary to
record data on the optical disk. When no data 1s recorded on
the optical disk, 1t 1s necessary to adjust the tilt angle to detect
the optimal t1lt angle after so-called trial-writing of data 1s
performed and, therefore, 1t takes a time to adjust the tilt
angle.

It 1s desirable to rapidly adjust the tilt angle with respect to
an optical disk having multiple recording layers on one side.

According to an embodiment of the present invention, an
optical disk apparatus driving an optical disk includes tilt-
angle adjusting means for adjusting a tilt angle indicating the
t1lt of an optical axis of laser light emitted from a pickup to
detect an optimal tilt angle at which a traverse signal has the
maximum amplitude and storing means for storing informa-
tion about the optimal tilt angle. The pickup irradiates the
optical disk with the laser light and outputs a radio-frequency
signal and a tracking error signal depending on reflected light
of the laser light retlected from the optical disk. The traverse
signal 1s the tracking error signal when tracking control 1s
inactivated. When the optical disk has a plurality of recording
layers on one side, the tilt-angle adjusting means adjusts the
t1lt angle with respect to each of the plurality of recording
layers to detect the optimal tilt angle and the storing means
stores information about the optimal tilt angle with respect to
cach of the plurality of recording layers. The tilt angle with
respect to each of the plurality of recording layers 1s con-
trolled 1n accordance with the information about the optimal
t1lt angle with respect to each of the plurality of recording
layers stored 1n the storing means.

According to another embodiment of the present invention,
a method of controlling an optical disk apparatus that drives
an optical disk includes the steps of adjusting a tilt angle
indicating the tilt of an optical axis of laser light emitted from
a pickup to detect an optimal tilt angle at which a traverse
signal has the maximum amplitude and storing information
about the optimal tilt angle in storing means. The pickup
irradiates the optical disk with the laser light and outputs a
radio-frequency signal and a tracking error signal depending
on reflected light of the laser light retlected from the optical
disk. The traverse signal 1s the tracking error signal when
tracking control 1s mactivated. When the optical disk has a
plurality of recording layers on one side, the adjusting adjusts
the t1lt angle with respect to each of the plurality of recording,
layers to detect the optimal t1lt angle and the storing stores
information about the optimal tilt angle with respect to each
of the plurality of recording layers 1n the storing means. The
t1lt angle with respect to each of the plurality of recording
layers 1s controlled 1n accordance with the information about
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4

the optimal tilt angle with respect to each of the plurality of
recording layers stored 1n the storing means.

According to another embodiment of the present invention,
a computer-executable program to control an optical disk
apparatus driving an optical disk includes tilt-angle adjusting
means for adjusting a tilt angle indicating the tilt of an optical
axis of laser light emitted from a pickup to detect an optimal
t1lt angle at which a traverse signal has the maximum ampli-
tude and storing means for storing information about the
optimal t1lt angle. The pickup 1rradiates the optical disk with
the laser light and outputs a radio-frequency signal and a
tracking error signal depending on reflected light of the laser
light reflected from the optical disk. The traverse signal 1s the
tracking error signal when tracking control 1s 1nactivated.
When the optical disk has a plurality of recording layers on
one side, the tilt-angle adjusting means adjusts the tilt angle
with respect to each of the plurality of recording layers to
detect the optimal tilt angle and the storing means stores
information about the optimal tilt angle with respect to each
ol the plurality of recording layers. The tilt angle with respect
to each of the plurality of recording layers 1s controlled in
accordance with the information about the optimal tilt angle
with respect to each of the plurality of recording layers stored
in the storing means.

In the optical disk apparatus driving the optical disk, the
method of controlling the optical disk apparatus, and the
computer-executable program to control the optical disk
apparatus, the tilt angle indicating the tilt of the optical axis of
the laser light emitted from the pickup 1s adjusted to detect the
optimal tilt angle at which the traverse signal has the maxi-
mum amplitude and the information about the optimal tilt
angle 1s stored. The pickup 1rradiates the optical disk with the
laser light and outputs the radio-frequency signal and the
tracking error signal depending on the retlected light of the
laser light reflected from the optical disk. The traverse signal
1s the tracking error signal when the tracking control 1s 1nac-
tivated. When the optical disk has a plurality of recording
layers on one side, the tilt angle with respect to each of the
plurality of recording layers 1s adjusted to detect the optimal
t1lt angle and the information about the optimal tilt angle with
respect to each of the plurality of recording layers 1s stored.
The tilt angle with respect to each of the plurality of recording
layers 1s controlled 1n accordance with the information about
the optimal tilt angle with respect to each of the plurality of
recording layers that are stored.

The program may be transmitted through a transmission
medium or may be recorded in a recording medium.

The optical disk apparatus may be an independent appara-
tus or may be an internal block i one apparatus.

According to the present invention, it 1s possible to rapidly
adjust the t1lt angle with respect to the optical disk having
multiple recording layers on one side.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a block diagram showing an example of the
configuration of an optical disk apparatus according to an
embodiment of the present invention;

FIG. 2 1s a diagram showing the relationship between a tilt
angle and the amplitude of a traverse signal;

FIG. 3 shows an example of the wavelorm of a traverse
signal;

FIG. 4 1s a flowchart showing an example of a startup
Process;

FIG. § 1s a flowchart showing an example of the startup
process for a two-layer BD;
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FIG. 6 1s a flowchart showing an example of an inner-
circumierence-side tilt angle adjustment process;

FIG. 7 1s a flowchart showing an example of an outer-
circumierence-side tilt angle adjustment process; and

FIGS. 8A and 8B are diagrams for description of how to
determine an optimal tilt angle at a position on an optical disk.

DESCRIPTION OF THE PR
EMBODIMENTS

L1

FERRED

FIG. 1 1s a block diagram showing an example of the
configuration of an optical disk apparatus according to an
embodiment of the present invention.

Referring to FIG. 1, an optical disk 1 has multiple record-
ing layers on one side and 1s, for example, a BD having two
layers: an “LO” layer and an “LL1”" layer on one side (herein-
after also simply referred to as a two-layer BD) The optical
disk 1 1s removable from the optical disk apparatus.

The optical disk apparatus shown 1n FIG. 1 1s capable of
playing back data on optical disks of multiple types and
recording data thereon. Accordingly, the optical disk 1 may be
a BD, DVD, CD, or another disk having one layer, instead of
the BD having the two recording layers: the “LL0” layer and
the “LL1”" layer on one side.

A spindle motor 2 rotates the optical disk 1 loaded 1n the
optical disk apparatus under the control of a system controller
10.

A pickup 3 wrradiates the optical disk 1 with laser light 1n
accordance with a drive signal supplied from the system
controller 10. In addition, the pickup 3 recerves retlected light
of the laser light reflected from the optical disk 1 to output an
RF signal, a tracking error signal, and a focus error signal 1n
accordance with the retlected light. The RF signal corre-
sponds to data recorded on the optical disk 1. The tracking
error signal corresponds to the amount of shiit of the position
of the spot of the laser light with which the optical disk 1 1s
irradiated with respect to the track of the optical disk 1. The
focus error signal corresponds to the amount of shift of the
tocus of the laser light with which the optical disk 1 1s 1rra-
diated.

The RF signal output from the pickup 3 1s supplied to the
system controller 10. The tracking error signal output from
the pickup 3 1s supplied to a tracking controller 6 and a level
detector 9. The focus error signal output from the pickup 3 1s
supplied to a focus controller 5.

A t1lt angle controller 4 performs tilt angle control to con-
trol the tilt angle of the pickup 3 under the control of the
system controller 10. Specifically, the tilt angle controller 4
controls the orientation of the objective lens of the pickup 3 to
vary the relative tilt of (the laser light emitted from) the
pickup 3 with respect to the optical disk 1.

The focus controller 5 uses the focus error signal supplied
from the pickup 3 as a focus control signal used for control-
ling the focus to correct the focus control signal by using a
focus bias supplied from the system controller 10 (for
example, to add the focus bias to the focus control signal).

In addition, the focus controller S performs focus control to
vertically move (the position of the focus of the laser light
emitted from) the pickup 3 with respect to the optical disk 1 so
as to decrease the level of the focus error signal under the
control of the pickup 3 on the basis of the focus control signal
subjected to the correction.

The tracking controller 6 performs tracking control to ver-
tically move (the position of the spot of the laser light emitted
from) the pickup 3 with respect to the track of the optical disk
1 so as to decrease the level of the tracking error signal under
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6

the control of the system controller 10 on the basis of the
tracking error signal supplied from the pickup 3.

A thread controller 7 performs thread control to move the
pickup 3 in the radial direction of the optical disk 1 under the
control of the system controller 10.

A spherical aberration correction controller 8 performs
spherical aberration correction control in which an aberration
correction value used for correcting the spherical aberration
of the pickup 3 1s supplied to the pickup 3 to correct the
spherical aberration of the pickup 3 under the control of the
system controller 10.

In order to correct the spherical aberration, for example, an
expander lens 1s provided between a diode or the like emitting
the laser light and the objective lens for condensing the laser
light on the optical disk 1 1n the pickup and the expander lens
1s moved 1n a direction parallel to the optical axis of the laser
light by, for example, a stepping motor. The expander lens 1s
capable of moving 1n a direction parallel to the optical axis of
the laser light and 1s used for correcting the spherical aberra-
tion. In this case, the aberration correction value corresponds
to a drive signal used for driving the stepping motor that
moves the expander lens.

The level detector 9 detects the amplitude (level) of the
tracking error signal supplied from the pickup 3 and supplies
the detected amplitude to the system controller 10.

The system controller 10 includes a central processing unit
(CPU) 21 and a memory 22. In the system controller 10, the
CPU 21 executes programs stored in the memory 22 to per-
form a variety of processing.

Specifically, the system controller 10 supplies the drive
signal to the pickup 3 1n accordance with data to be recorded
on the optical disk 1 to cause the pickup 3 to wrradiate the

optical disk 1 with the laser light in order to record the data on
the optical disk 1.

In addition, the system controller 10 performs necessary
processing to the RF signal supplied from the pickup 3 and
outputs the data that results from the processing and that 1s
recorded on the optical disk 1.

Furthermore, the system controller 10 controls the spindle
motor 2, the tilt angle controller 4, the focus controller 5, the
tracking controller 6, the thread controller 7, and the spherical
aberration correction controller 8 1n accordance with the RF
signal supplied from the pickup 3 and the amplitude etc. of the
tracking error signal supplied from the level detector 9.

The programs executed by the CPU 21 1n the system con-
troller 10 may be recorded on a removable recording medium,
such as a flexible disk, a compact disk-read only memory
(CD-ROM), an MO disk, a DVD, a magnetic disk, or a semi-
conductor memory, to be installed 1n the memory 22 from the
removable recording medium, instead of being installed 1n
advance 1n the memory 22.

Alternatively, the programs may be downloaded from a
download site over a network, such as the Internet to be
installed 1n the memory 22.

In the optical disk apparatus having the above configura-
tion, the optical disk 1 1s rotated by the spindle motor 2, the talt
angle control 1s performed by the tilt angle controller 4, the
focus control 1s performed by the focus controller 35, the
tracking control 1s performed by the tracking controller 6, the
thread control 1s performed by the thread controller 7, and the
spherical aberration correction control 1s performed by the
spherical aberration correction controller 8.

In recording of data, the system controller 10 supplies the
drive signal to the pickup 3 in accordance with the data to be
recorded on the optical disk 1 and the pickup 3 1rradiates the
optical disk 1 with laser light 1n accordance with the drive
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signal supplied from the system controller 10. As a result, the
data 1s recorded on the optical disk 1.

In playback of data, the system controller 10 supplies the
drive signal to the pickup 3 and the pickup 3 irradiates the
optical disk 1 with laser light 1n accordance with the drive
signal supplied from the system controller 10.

The pickup 3 receives retlected light of the laser light
reflected from the optical disk 1 and supplies the RF signal
corresponding to data recorded on the optical disk 1 to the
system controller 10 1n accordance with the reflected light.
The system controller 10 performs necessary processing to
the RF signal supplied from the pickup 3 and outputs the data
that results from the processing and that 1s recorded on the
optical disk 1.

I1 the optical axis of the pickup (the optical axis of the laser
light) does not form an appropriate angle with the recording
layer of the optical disk 1n the optical disk 1 shown 1n FIG. 1,
the spot of the laser light on the recording layer of the optical
disk can be distorted to prevent the normal playback or
recording.

In order to resolve such a problem, the optical disk appa-
ratus performs a startup process to adjust the tilt angle of the
pickup 3 to an optimal tilt angle when, for example, the
optical disk 1 1s loaded 1n the optical disk apparatus.

Specifically, 1n the startup process, the optical disk appa-
ratus adjusts the tilt angle at a position toward the inner
circumierence of the optical disk 1 to detect an optimal tilt
angle toward the imner circumierence (an inner-circumier-
ence-side optimal tilt angle) and adjusts the tilt angle at a
position toward the outer circumierence of the optical disk 1
to detect an optimal tilt angle toward the outer circumierence
(an outer-circumierence-side optimal tilt angle).

In the recording or playback of data by the optical disk
apparatus, the system controller 10 calculates the optimal tilt
angle at each position 1n the radial direction of the optical disk
1 by interpolation using the inner-circumierence-side optimal
t1lt angle and the outer-circumierence-side optimal tilt angle
and the t1lt angle controller 4 controls the tilt angle so as to be
equal to the optimal tilt angle at the position where the record-
ing or playback 1s performed on the optical disk 1.

FIG. 2 1s a diagram for description of how to detect the
optimal tilt angle.

The relationship between the tilt angle (skew) of the pickup
3 and the amplitude of a traverse signal 1s shown 1n FIG. 2.
The traverse signal 1s the tracking error signal when the
tracking control 1s 1n an OFF state (the tracking control 1s
inactivated).

The amplitude of the traverse signal 1s maximized when the
t1lt angle of the pickup 3 1s equal to the optimal tilt angle and
1s decreased as the tilt angle of the pickup 3 1s shufted from the
optimal t1lt angle.

In the startup process in the optical disk apparatus shown in
FIG. 1, the system controller 10 adjusts the t1lt angle of the
pickup 3 to detect the t1lt angle at which the amplitude of the
traverse signal supplied from the level detector 9, that 1s, the
amplitude of the tracking error signal when the tracking con-
trol 1s 1n the OFF state 1s maximized as the optimal tilt angle.

When the optimal tilt angle 1s detected by using the traverse
signal 1n the manner described above, the tilt angle can be
rapidly adjusted to detect the optimal tilt angle regardless of
whether data 1s recorded on the optical disk 1 because data 1s
not necessarily recorded on the optical disk 1, unlike the
above case where the RF signal 1s used to detect the optimal
t1lt angle. As a result, the startup process can be performed in
a short time.

FIG. 3 shows an example of the wavetform of a traverse
signal.
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The traverse signal 1s the tracking error signal when the
tracking control 1s in the OFF state. When the tracking control
1s 1n the OFF state, the position on the optical disk 1 which 1s
irradiated with the laser light emitted from the pickup 3 (the
position of the spot of the laser light) 1s shifted so as to
periodically traverse multiple tracks due to eccentricity etc. of
the optical disk 1 even 11 the pickup 3 1s fixed.

Accordingly, the traverse signal 1s periodically varied 1n
the manner shown 1n FIG. 3.

In the optical disk apparatus shown i FIG. 1, the level
detector 9 calculates the difference between a peak hold
value, which 1s the maximum value of the traverse signal as
shown 1in FIG. 3, and a bottom hold value, which 1s the
minimum value thereot, as the amplitude of the traverse sig-
nal and supplies the calculated amplitude of the traverse sig-
nal to the system controller 10.

FIG. 4 1s a tflowchart showing an example of the startup
process performed 1n the optical disk apparatus shown in FIG.
1.

The startup process 1s started when, for example, the opti-
cal disk 1 1s loaded 1n the optical disk apparatus, as described
above.

In the startup process, 1n Step S1, (the CPU 21 1n) the
system controller 10 determines the type of the optical disk 1
loaded 1n the optical disk apparatus.

The type of the optical disk 1 can be determined by irradi-
ating the optical disk 1 with laser light and processing the
signal corresponding to reflected light of the laser light
reflected from the optical disk 1.

If the system controller 10 determines 1n Step S1 that the
optical disk 1 1s a two-layer BD, that 1s, 11 the optical disk 1 1s
an optical disk on which the distance to the “L0” layer with
respect to the pickup 3 does not coincide with the distance to
the “L 17" layer with respect to the pickup 3, the process goes
to Step S2 to perform a startup process for a two-layer BD and
1s terminated.

If the system controller 10 determines 1n Step S1 that the
optical disk 1 1s not a two-layer BD, that 1s, 1f the optical disk
11saBD or DVD having only one layer or 1s a two-layer DVD
which has the two layers: the “LO” layer and the “L1” layer
and on which the distance to the “LO” layer with respect to the
pickup 3 coincides with the distance to the “LL1” layer with
respect to the pickup 3, the process goes to Step S3 to perform
a startup process for a one-layer disk and 1s terminated.

The startup process for a two-layer BD described 1n detail
below 1s performed for each of the two layers: the “L0O” layer
and the “L1” layer of the two-layer BD.

The startup process for a one-layer disk 1s performed 1n a
manner similar to that of the startup process for a two-layer
BD, except that the startup process for a one-layer disk is
targeted at one recording layer (the one recording layer when
the optical disk 1 has one recording layer and one of the
recording layers when the optical disk 1 has two (or more)
recording layers).

FIG. § 1s a flowchart showing an example of the startup
process for a two-layer BD 1n Step S2 in FIG. 4.

In the startup process for a two-layer BD, 1n Step S11, the
system controller 10 controls the focus controller 3 so as to be
in an ON state (to activate the focus control) and controls the
tracking controller 6 so as to be 1n the OFF state (to inactivate

the tracking control).

In Step S12, the system controller 10 controls the thread
controller 7 so as to move the pickup 3 to a position near the
innermost circumierence of the optical disk 1.
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In Step S13, the system controller 10 adjusts the focus bias
and the aberration correction value so as to maximize the
amplitude of the traverse signal supplied from the level detec-
tor 9.

Specifically, in Step S13, the system controller 10 adjusts
the focus bias to multiple values and supplies the multiple
values of the focus bias to the focus controller 5 to cause the
focus controller 5 to perform the focus control by using the
multiple values of the focus bias.

Furthermore, in the focus control by using the multiple
values of the focus bias, the system controller 10 refers to the
amplitude of the traverse signal supplied from the level detec-
tor 9 to determine the value of the focus bias at which the
amplitude of the traverse signal 1s maximized to be a traverse-
maximized adjustment value.

Similarly, the system controller 10 adjusts the aberration
correction value to multiple values and supplies the multiple
aberration correction values to the spherical aberration cor-
rection controller 8 to cause the spherical aberration correc-
tion controller 8 to perform the spherical aberration correc-
tion control by using the multiple aberration correction
values.

Furthermore, 1n the spherical aberration correction control
by using the multiple aberration correction values, the system
controller 10 refers to the amplitude of the traverse signal
supplied from the level detector 9 to determine the aberration
correction value at which the amplitude of the traverse signal
1s maximized to be a traverse-maximized adjustment value.

The system controller 10 supplies the traverse-maximized
adjustment value for the focus bias and the traverse-maxi-
mized adjustment value for the aberration correction value to
the focus controller 5 and the spherical aberration correction
controller 8, respectively. The focus controller 5 performs the
focus control by using the traverse-maximized adjustment
value for the focus bias and the spherical aberration correc-
tion controller 8 performs the spherical aberration correction
control by using the traverse-maximized adjustment value for
the aberration correction value.

In Step S14, the system controller 10 stores the traverse-
maximized adjustment values for the focus bias and the aber-
ration correction value determined 1n Step S13, that 1s, the
focus bias and the aberration correction value at which the
amplitude of the traverse signal 1s maximized in the memory
22 (FIG. 1).

In Step S15, the system controller 10 adjusts the tilt angle
of the pickup 3 to the multiple values near the mmnermost
circumierence of the optical disk 1 and performs an inner-
circumierence-side tilt angle adjustment process in which an
inner-circumierence-side optimal tilt angle at which the
traverse signal supplied from the level detector 9 has the
maximum amplitude 1s detected and stored.

At this time, the focus bias and the aberration correction
value have been adjusted to the traverse-maximized adjust-
ment values in Step S13. Accordingly, the inner-circumier-
ence-side tilt angle adjustment process 1 Step S15 1s per-
formed 1n a state where the focus bias and the aberration
correction value are set to the traverse-maximized adjustment
values.

The amplitude of the traverse signal with respect to the tlt
angle of the pickup 3 1s maximized when the tilt angle 1s equal
to the optimal tilt angle and 1s decreased as the tilt angle 1s
shifted from the optimal tilt angle, as shown 1n FI1G. 2. In other
words, the traverse signal has convex-shaped amplitude.

The convex-shaped amplitude of the traverse signal with
respect to the tilt angle becomes steeper as the adjustment
levels of the focus bias and the aberration correction value to
increase the amplitude of the traverse signal are increased.
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Accordingly, adjusting the focus bias and the aberration cor-
rection value to the traverse-maximized adjustment values to
perform the inner-circumierence-side tilt angle adjustment
process allows the t1lt angle at which the traverse signal has
the maximum amplitude (the imner-circumierence-side opti-
mal t1lt angle) to be accurately detected.

In Step S16, the system controller 10 controls the tracking
controller 6 so as to activate the tracking control. As a result,
both the focus control and the tracking control are in the ON
state.

In Step S17, the system controller 10 supplies the drive
signal to the pickup 3 to read out data recorded near the
innermost circumierence of the optical disk 1, that 1s, to read
out management data and other recoded data recorded on
tracks toward the 1inner circumierence of the optical disk 1.

The pickup 3 irradiates the optical disk 1 with laser light 1n
accordance with the drive signal supplied from the system
controller 10, receives reflected light of the laser light, and
supplies an RF signal corresponding to the reflected light to
the system controller 10.

When the RF signal corresponding to the data recorded on
the optical disk 1 has been supplied from the pickup 3 to the
system controller 10 1n the above manner, then 1n Step S18,
the system controller 10 adjusts the focus bias and the aber-
ration correction value so that the data corresponding to the
RF signal supplied from the pickup 3 has the minimum error
rate.

Specifically, in Step S18, the system controller 10 adjusts
the focus bias to multiple values and supplies the multiple
values of the focus bias to the focus controller S to cause the
focus controller 5 to perform the focus control by using the
multiple values of the focus bias.

In addition, 1n the focus control by using the multiple
values of the focus bias, the system controller 10 determines
the value of the focus bias at which the data corresponding to
the RF signal supplied from the pickup 3 has the minimum
error rate, for example, the value of the focus bias at which the
RF signal has the maximum amplitude to be an error-rate-
minimized adjustment value.

Similarly, the system controller 10 adjusts the aberration
correction value to multiple values and supplies the multiple
aberration correction values to the spherical aberration cor-
rection controller 8 to cause the spherical aberration correc-
tion controller 8 to perform spherical aberration correction
control by using the multiple aberration correction values.

In addition, in the spherical aberration correction control
by using the multiple aberration correction values, the system
controller 10 determines the aberration correction value at
which the data corresponding to the RF signal supplied from
the pickup 3 has the minimum error rate, for example, the
aberration correction value at which the RF signal has the
maximum amplitude to be an error-rate-minimized adjust-
ment value.

In Step S19, the system controller 10 stores the error-rate-
minimized adjustment values for the focus bias and the aber-
ration correction value determined 1n Step S18, that 1s, the
focus bias and the aberration correction value at which the
error rate of the data read out from the optical disk 1 1s
minimized 1n the memory 22 (FIG. 1).

In Step S20, the system controller 10 controls the thread
controller 7 so as to move the pickup 3 to a position near the
outermost circumierence of the optical disk 1.

In Step S21, the system controller 10 controls the tracking
controller 6 so as to mnactivate the tracking control. As a result,
the tracking error signal output from the pickup 3 becomes the
tracking error signal when the focus control 1s in the OFF
state, that 1s, the traverse signal.
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In Step S22, the system controller 10 adjusts the focus bias
and the aberration correction value to the traverse-maximized
adjustment values stored in the memory 22 1n Step S14 and
supplies the adjusted focus bias and aberration correction
value to the focus controller 5 and the spherical aberration
correction controller 8, respectively.

The focus controller 5 performs the focus control by using
the traverse-maximized adjustment value for the focus bias
and the spherical aberration correction controller 8 performs
the spherical aberration correction control by using the
traverse-maximized adjustment value for the aberration cor-
rection value.

In Step S23, the system controller 10 adjusts the tilt angle
of the pickup 3 to the multiple values near the outermost
circumierence of the optical disk 1 and performs an outer-
circumierence-side tilt angle adjustment process 1n which an
outer-circumierence-side optimal tilt angle at which the
traverse signal supplied from the level detector 9 has the
maximum amplitude 1s detected and stored.

At this time, the focus bias and the aberration correction
value have been adjusted to the traverse-maximized adjust-
ment values 1 Step S22. Accordingly, the outer-circumier-
ence-side tilt angle adjustment process 1 Step S22 1s per-
tformed in the state where the focus bias and the aberration
correction value are set to the traverse-maximized adjustment
values, as 1n the inner-circumiference-side tilt angle adjust-
ment process 1 Step S15.

Accordingly, also 1n the outer-circumierence-side tilt angle
adjustment process, as in the mner-circumierence-side tilt
angle adjustment process, the tilt angle at which the traverse
signal has the maximum amplitude (the outer-circumierence-
side optimal t1lt angle) can be accurately detected.

In Step S24, the system controller 10 adjusts the focus bias
and the aberration correction value to the error-rate-mini-
mized adjustment values stored 1n the memory 22 in Step S19
and supplies the adjusted focus bias and aberration correction
value to the focus controller 5 and the spherical aberration
correction controller 8, respectively.

The focus controller 5 performs the focus control by using
the error-rate-mimimized adjustment value for the focus bias
and the spherical aberration correction controller 8 performs
the spherical aberration correction control by using the error-
rate-minimized adjustment value for the aberration correc-
tion value.

In Step S25, the system controller 10 controls the tracking
controller 6 so as to activate the tracking control. As a resullt,
both the focus control and the tracking control are in the ON
state and the startup process 1s terminated.

Subsequently, data 1s recorded on the optical disk 1 or data
on the optical disk 1 1s played back, if necessary, 1n the state
where the focus control using the error-rate-mimmized
adjustment value for the focus bias and the spherical aberra-
tion correction control using the error-rate-minimized adjust-
ment value for the aberration correction value are performed.

As described above, 1n the startup process 1n the optical
disk apparatus, the focus bias and the aberration correction
value are adjusted to the traverse-maximized adjustment val-
ues at which the amplitude of the traverse signal 1s maximized
at a position toward the mner circumierence of the optical
disk 1 to store the adjusted focus bias and aberration correc-
tion value 1n the memory 22, the inner-circumierence-side tilt
angle adjustment process 1s performed at the position toward
the mner circumierence of the optical disk 1, 1n which the talt
angle 1s adjusted to detect the inner-circumierence-side opti-
mal t1lt angle and store the detected inner-circumierence-side
optimal tilt angle 1n the memory 22, and the focus bias and the
aberration correction value are adjusted to the error-rate-
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minimized adjustment values at which the error rate of the
data corresponding to the RF signal supplied from the pickup
3 1s minimized at the position toward the inner circumierence
of the optical disk 1 to store the adjusted focus bias and
aberration correction value in the memory 22. After the
pickup 3 1s moved to a position toward the outer circumier-
ence of the optical disk 1, the focus bias and the aberration
correction value are adjusted to the traverse-maximized
adjustment values stored 1n the memory 22 at the position
toward the outer circumierence of the optical disk 1, the
outer-circumierence-side tilt angle adjustment process 1s per-
formed at the position toward the outer circumierence of the
optical disk 1, in which the tilt angle 1s adjusted to detect the
outer-circumierence-side optimal tilt angle and store the
detected outer-circumierence-side optimal tilt angle 1n the
memory 22, and the focus bias and the aberration correction
value are adjusted to the error-rate-minimized adjustment
values at the position toward the outer circumiference of the
optical disk 1. Accordingly, 1t 1s possible to rapidly perform
the startup process to adjust the tilt angle.

In other words, the traverse-maximized adjustment values
for the focus bias and the aberration correction value (the
focus bias and the aberration correction value at which the
amplitude of the traverse signal 1s maximized) do not coin-
cide with the error-rate-minimized adjustment values for the
focus bias and the aberration correction value (the focus bias
and the aberration correction value at which the error rate of
the data read out from the optical disk 1 1s minimized).

In addition, 1t 1s desirable that the inner-circumierence-side
t1lt angle adjustment process and the outer-circumierence-
side tilt angle adjustment process be performed 1n the state
where the focus bias and the aberration correction value are
adjusted to the traverse-maximized adjustment values at
which the amplitude of the traverse signal 1s maximized in
order to accurately detect the optimal t1lt angle.

In contrast, it 1s desirable that the recording of data on the
optical disk 1 and playback of data on the optical disk 1 be
performed 1n the state where the focus bias and the aberration
correction value are adjusted to the error-rate-minimized
adjustment values at which the amplitude of the RF signal 1s
maximized 1n order to reduce the error rate of the data.

Accordingly, 1n view of the adjustment of the focus bias
and the aberration correction value, for example, the startup
process may be performed 1n an order in which the focus bias
and the aberration correction value are adjusted to the
traverse-maximized adjustment values at a position toward
the inner circumierence of the optical disk 1, the inner-cir-
cumierence-side tilt angle adjustment process 1s performed at
the position toward the inner circumierence of the optical disk
1, the outer-circumierence-side tilt angle adjustment process
1s performed at a position toward the outer circumierence of
the optical disk 1, and the focus bias and the aberration
correction value are adjusted to the error-rate-minimized
adjustment values at which the amplitude of the RF signal 1s
maximized at the position toward the mner circumference of
the optical disk 1 by using the RF signal corresponding to the
data toward the mner circumierence of the optical disk 1.

However, 1n the above case, it 1s necessary to perform seek
toward the inner circumierence of the optical disk 1 to per-
form the mner-circumierence-side tilt angle adjustment pro-
cess, to perform the seek toward the outer circumierence of
the optical disk 1 to perform the outer-circumierence-side tilt
angle adjustment process, and to perform the seek again
toward the mner circumierence of the optical disk 1.

In contrast, when the focus bias and the aberration correc-
tion value are adjusted to the traverse-maximized adjustment
values at a position toward the inner circumierence of the
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optical disk 1 to store the adjusted focus bias and aberration
correction value in the memory 22; the inner-circumierence-
side t1lt angle adjustment process 1s performed; the focus bias
and the aberration correction value are adjusted to the error-
rate-minimized adjustment values by using the RF signal
corresponding to the data toward the inner circumierence of
the optical disk 1 at the position toward the inner circumier-
ence of the optical disk 1 to store the adjusted focus bias and
aberration correction value 1n the memory 22; the focus bias
and the aberration correction value are adjusted to the
traverse-maximized adjustment values stored 1n the memory
22 at a position toward the outer circumierence of the optical
disk 1; the outer-circumierence-side tilt angle adjustment
process 1s performed; and the focus bias and the aberration
correction value are adjusted to the error-rate-minimized
adjustment values stored in the memory 22, as described
above with reference to FIG. 5, the number of times of seek in
the startup process 1s reduced and, therefore, it 1s possible to
reduce the time necessary to perform the startup process.
FIG. 6 1s a flowchart showing an example of the inner-

circumierence-side tilt angle adjustment process 1n Step S13
in FIG. S.

In the inner-circumierence-side tilt angle adjustment pro-
cess, 1 Step S31, the system controller 10 adjusts the tilt
angle of the pickup 3 with respect to the “L0” layer of the
optical disk 1, which 1s the two-layer BD, to multiple values
near the innermost circumierence of the optical disk 1 to
detect (calculate) the inner-circumiterence-side optimal tilt
angle at which the amplitude of the traverse signal supplied
from the level detector 9 1s maximized.

In Step S32, the system controller 10 stores a set (RLO1n,
0L01n) of an iner-circumierence-side position RLO1in and an
inner-circumierence-side optimal tilt angle 0LOmn with
respect to the “LO” layer in the memory 22 as information
about the inner-circumierence-side optimal tilt angle with
respect to the “LO” layer. The imner-circumierence-side posi-
tion RLO1n 1s a position 1n the radial direction of the optical
disk 1 at which the inner-circumierence-side optimal tilt
angle 1s detected.

In Step S33, the system controller 10 adjusts the tilt angle
of the pickup 3 with respect to the “LL1” layer of the optical
disk 1 to multiple values near the innermost circumierence of
the optical disk 1 to detect the inner-circumierence-side opti-
mal t1lt angle at which the amplitude of the traverse signal
supplied from the level detector 9 1s maximized.

In Step S34, the system controller 10 stores a set (RL11n,
0L 11n) of an mner-circumierence-side position RLL1in and an
inner-circumierence-side optimal tilt angle 0Llin with
respect to the “L17 layer in the memory 22 as information
about the inner-circumierence-side optimal tilt angle with
respectto the “L17 layer and the inner-circumierence-side tilt
angle adjustment process 1s terminated. The inner-circumier-
ence-side position RL11n 1s a position 1n the radial direction
of the optical disk 1 at which the inner-circumierence-side
optimal tilt angle 1s detected.

FIG. 7 1s a flowchart showing an example of the outer-

circumierence-side tilt angle adjustment process 1n Step S23
in FIG. 5.
In the outer-circumierence-side tilt angle adjustment pro-
cess, 1 Step S41, the system controller 10 adjusts the tilt
angle of the pickup 3 with respect to the “LO” layer of the
optical disk 1, which 1s the two-layer BD, to multiple values
near the outermost circumierence of the optical disk 1 to
detect the outer-circumierence-side optimal tilt angle at
which the amplitude of the traverse signal supplied from the
level detector 9 1s maximized.
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In Step S42, the system controller 10 stores a set (RLOout,
0L0Oout) of an outer-circumierence-side position RLOout and
an outer-circumierence-side optimal tilt angle 0LOout with
respect to the “L0O” layer in the memory 22 as information
about the outer-circumierence-side optimal tilt angle with
respect to the “L0O” layer. The outer-circumierence-side posi-
tion RLOout 1s a position 1n the radial direction of the optical
disk 1 at which the outer-circumierence-side optimal tilt
angle 1s detected.

In Step S43, the system controller 10 adjusts the t1lt angle
of the pickup 3 with respect to the “L1” layer of the optical
disk 1 to multiple values near the outermost circumierence of
the optical disk 1 to detect the outer-circumierence-side opti-
mal t1lt angle at which the amplitude of the traverse signal
supplied from the level detector 9 1s maximized.

In Step S44, the system controller 10 stores a set (RL1out,
0L 1out) of an outer-circumierence-side position RL1out and
an outer-circumierence-side optimal tilt angle 0L 1out with
respect to the “L1” layer in the memory 22 as information
about the outer-circumierence-side optimal tilt angle with
respectto the “L17 layer and the outer-circumierence-side talt
angle adjustment process 1s terminated. The outer-circumfier-
ence-side position RL1out 1s a position 1n the radial direction
of the optical disk 1 at which the outer-circumference-side
optimal t1lt angle 1s detected.

In the recording of data on the optical disk 1 and playback
of data on the optical disk 1, the tilt angle controller 4 controls
the t1lt angle of the pickup 3 (performs the tilt angle control
for the pickup 3) with respect to each of the “LO0” and “L1”
layers 1n the startup process 1n accordance with the informa-
tion (RLO1n, 0L.01n) about the inner-circumierence-side opti-
mal t1lt angle with respect to the “LO” layer, the information
(RLOout, 0L.0out) about the outer-circumierence-side opti-
mal t1lt angle with respect to the “L0O” layer, the information
(RL1in, OL11in) about the inner-circumierence-side optimal
t1lt angle with respect to the “L1” layer, and the information
(RL1out, 0L 1out) about the outer-circumierence-side opti-
mal tilt angle with respect to the “L1”" layer, which are stored
in the memory 22.

Specifically, 11 data is recorded on the “LL0O” layer or data on
the “LO” layer 1s played back when the thread controller 7
seeks the pickup 3 at a certain position R 1n the radial direc-
tion of the optical disk 1, the system controller 10 calculates
the optimal tilt angle at the position R by the interpolation by

using the information (RLO1mn, 0L.01n) about the inner-circum-
terence-side optimal t1lt angle with respect to the “L0O” layer
and the mformation (RLOout, 0L0Oout) about the outer-cir-
cumierence-side optimal tilt angle with respect to the “L0”
layer and supplies the calculated optimal tilt angle to the tilt
angle controller 4. The t1lt angle controller 4 performs the tilt
angle control so that the tilt angle of the pickup 3 1s equal to
the optimal tilt angle supplied from the system controller 10.
If data 1s recorded on the “LL1” layer or data on the “LL1”
layer 1s played back when the thread controller 7 seeks the
pickup 3 at the position R 1n the radial direction of the optical
disk 1, the system controller 10 calculates the optimal tilt
angle at the position R by the interpolation by using the
information (RL1in, 0L 11n) about the inner-circumierence-
side optimal tilt angle with respect to the “L1”" layer and the
information (RL1out, OL1out) about the outer-circumfier-
ence-side optimal tilt angle with respect to the “LL1” layer and
supplies the calculated optimal tilt angle to the tilt angle
controller 4. The tilt angle controller 4 performs the tilt angle
control so that the tilt angle of the pickup 3 i1s equal to the
optimal t1lt angle supplied from the system controller 10.
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FIGS. 8A and 8B are diagrams for description of how to
determine the optimal tilt angle at the position R on the optical
disk 1 by the interpolation by the system controller 10.
When data 1s recorded on the “LLO" layer or data on the “L0O”
layer 1s played back, the system controller 10 determines the
optimal t1lt angle at the position R by linear interpolation by
using the information (RLO1n, 0L.01n) about the inner-circum-
terence-side optimal t1lt angle with respect to the “LO” layer
and the information (RLOout, 0L0Oout) about the outer-cir-
cumierence-side optimal tilt angle with respect to the “L0O”
layer, as shown 1n FIG. 8A.
When data 1s recorded on the “LL1”" layer or dataonthe “LL1”
layer 1s played back, the system controller 10 determines the
optimal t1lt angle at the position R by the linear interpolation
by using the information (RL1in, OL11n) about the inner-
circumierence-side optimal t1lt angle with respect to the “LL1~
layer and the information (RL1out, 0L 10out) about the outer-
circumierence-side optimal t1lt angle with respect to the “L.1”
layer, as shown 1n FIG. 8B.
As described above with reference to FIGS. 6 and 7, 1n the
optical disk apparatus shown in FIG. 1, the tilt angle 1s
adjusted with respect to each of the “L0” and “LL1” layers of
the optical disk 1, which 1s the two-layer BD having the two
recording layers: the “L0O” layer and the “L.1” layer on one
side, to detect the optimal tilt angle. The optimal tilt angle
detected for the “LO” layer 1s used to perform the tilt angle
control in the recording of data on the “L0” layer and play-
back of data on the “L0O” layer, and the optimal tilt angle
detected for the “LL1” layer 1s used to perform the tilt angle
control in the recording of data on the “LL1” layer and play-
back of data on the “LL1”" layer. Accordingly, 1t 1s possible to
perform the normal playback or recording on both the “L0O”
layer and the “L1”" layer.
The steps describing the programs causing the computer
(the CPU 21) to perform the variety of processing may not
necessarily be executed 1n time series in the order described in
the flowcharts and may be executed 1n parallel or individually
(for example, may include parallel processing or object pro-
cessing).
The programs may be executed by one computer or may be
subjected to distributed processing by multiple computers.
It should be understood by those skilled in the art that
various modifications, combinations, sub-combinations and
alterations may occur depending on design requirements and
other factors insofar as they are within the scope of the
appended claims or the equivalents thereof.
Specifically, the present invention 1s applicable to an opti-
cal disk having three or more recording layers, 1n addition to
the optical disk having the two recording layers.
What is claimed 1s:
1. An optical disk apparatus driving an optical disk, the
optical disk apparatus comprising:
tilt-angle adjusting means for adjusting a tilt angle indicat-
ing the t1lt of an optical axis of laser light emitted from a
pickup to detect an optimal tilt angle at which a traverse
signal has the maximum amplitude, the pickup irradiat-
ing the optical disk with the laser light and outputting a
radio-frequency signal and a tracking error signal
depending on reflected light of the laser light reflected
from the optical disk, the traverse signal being the track-
ing error signal when tracking control is mnactivated;

storing means for storing information about the optimal tilt
angle; and

adjusting means for adjusting a focus bias used for correct-

ing a focus error signal for controlling a focus of the laser
light and an aberration correction value used for correct-
ing spherical aberration of the pickup, wherein
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when the optical disk has a plurality of recording layers on
one side, the tilt-angle adjusting means adjusts the tilt
angle with respect to each of the plurality of recording
layers to detect the optimal tilt angle and the storing
means stores mmformation about the optimal tilt angle
with respect to each of the plurality of recording layers,

the t1lt angle with respect to each of the plurality of record-
ing layers 1s controlled in accordance with the informa-
tion about the optimal tilt angle with respect to each of
the plurality of recording layers stored in the storing
means, and

the adjusting means adjusts the focus bias and the aberra-
tion correction value to traverse-maximized adjustment
values at which the traverse signal has the maximum
amplitude at a position toward an inner circumierence of
the optical disk and stores the adjusted focus bias and the
aberration correction value.

2. The optical disk apparatus according to claim 1, wherein

the tilt-angle adjusting means adjusts the tilt angle with
respect to each of the plurality of recording layers at the
position toward the iner circumierence of the optical
disk to detect the optimal t1lt angle,

the storing means stores the information about the optimal
t1lt angle with respect to each of the plurality of record-
ing layers at the position toward the imnner circumierence
of the optical disk,

the adjusting means adjusts the focus bias and the aberra-
tion correction value to error-rate-minimized adjust-
ment values at which data corresponding to the radio-
frequency signal output from the pickup has the
minimum error rate at the position toward the inner
circumierence of the optical disk and stores the adjusted
focus bias and aberration correction value,

the adjusting means adjusts the focus bias and the aberra-
tion correction value to the traverse-maximized adjust-
ment values at a position toward an outer circumierence
of the optical disk after the pickup 1s moved to the
position toward the outer circumierence of the optical
disk,

the tilt-angle adjusting means adjusts the tilt angle with
respect to each of the plurality of recording layers at the
position toward the outer circumierence of the optical
disk to detect the optimal t1lt angle,

the storing means stores the information about the optimal
t1lt angle with respect to each of the plurality of record-
ing layers at the position toward the outer circumierence
of the optical disk, and

the adjusting means adjusts the focus bias and the aberra-
tion correction value to the error-rate-minimized adjust-
ment values at the position toward the outer circumier-
ence of the optical disk.

3. The optical disk apparatus according to claim 1, further

comprising;

determinming means for determining a type of the optical
disk,

wherein, when 1t 1s determined that the optical disk 1s a
Blu-ray disk having two recording layers on one side,
the tilt-angle adjusting means adjusts the tilt angle with
respect to each of the two recording layers to detect the
optimal t1lt angle and the storing means stores informa-
tion about the optimal tilt angle with respect to each of
the two recording layers.

4. A method of controlling an optical disk apparatus that

drives an optical disk, the method comprising:

adjusting a tilt angle indicating the t1lt of an optical axis of
laser light emitted from a pickup to detect an optimal tilt
angle at which a traverse signal has the maximum ampli-
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tude, the pickup irradiating the optical disk with the laser
light and outputting a radio-frequency signal and a
tracking error signal depending on reflected light of the
laser light reflected from the optical disk, the traverse
signal being the tracking error signal when tracking
control 1s inactivated;
storing information about the optimal tilt angle 1 a
memory; and adjusting a focus bias used for correcting a
focus error signal for controlling a focus of the laser light
and an aberration correction value used for correcting
spherical aberration of the pickup,
wherein, when the optical disk has a plurality of recording
layers on one side, the adjusting adjusts the tilt angle
with respect to each of the plurality of recording layers to
detect the optimal tilt angle and the memory stores infor-
mation about the optimal t1lt angle with respect to each
of the plurality of recording layers in the storing means,

wherein the tilt angle with respect to each of the plurality of
recording layers 1s controlled 1n accordance with the
information about the optimal t1lt angle with respect to
cach of the plurality of recording layers stored in the
memory, and the adjusting a focus bias includes adjust-
ing the focus bias and the aberration correction value to
traverse-maximized adjustment values at which the
traverse signal has the maximum amplitude at a position
toward an inner circumierence of the optical disk and
stores the adjusted focus bias and the aberration correc-
tion value.

5. A non-transitory computer-readable medium including a
computer-executable program, which when executed by a
processor causes the processor to perform a method of con-
trolling an optical disk apparatus driving an optical disk, the
method comprising:

adjusting a tilt angle indicating the t1lt of an optical axis of

laser light emitted from a pickup to detect an optimal tilt
angle at which a traverse signal has the maximum ampli-
tude, the pickup irradiating the optical disk with the laser
light and outputting a radio-frequency signal and a
tracking error signal depending on retlected light of the
laser light reflected from the optical disk, the traverse
signal being the tracking error signal when tracking
control 1s 1nactivated;

storing information about the optimal tilt angle 1 a

memory; and

adjusting a focus bias used for correcting a focus error

signal for controlling a focus of the laser light and an
aberration correction value used for correcting spherical
aberration of the pickup, wherein

when the optical disk has a plurality of recording layers on

one side, the adjusting adjusts the t1lt angle with respect
to each of the plurality of recording layers to detect the
optimal tilt angle and the memory stores information
about the optimal t1lt angle with respect to each of the
plurality of recording layers,

the tilt angle with respect to each of the plurality of record-

ing layers 1s controlled 1n accordance with the informa-
tion about the optimal tilt angle with respect to each of
the plurality of recording layers stored in the memory,
and

the adjusting a focus bias includes adjusting the focus bias

and the aberration correction value to traverse-maxi-
mized adjustment values at which the traverse signal has
the maximum amplitude at a position toward an inner
circumierence of the optical disk and stores the adjusted
focus bias and the aberration correction value.

6. An optical disk apparatus driving an optical disk, the
optical disk apparatus comprising:
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a tilt-angle controller that adjusts a tilt angle indicating the
t1lt of an optical axis of laser light emitted from a pickup
to detect an optimal tilt angle at which a traverse signal
has the maximum amplitude, the pickup irradiating the
optical disk with the laser light and outputting a radio-
frequency signal and a tracking error signal depending

on reflected light of the laser light reflected from the
optical disk, the traverse signal being the tracking error
signal when tracking control 1s mnactivated;

a focus controller that adjusts a focus bias used for correct-
ing a focus error signal for controlling a focus o the laser
light;

an spherical aberration correction controller that adjusts an
aberration correction value used for correcting spherical
aberration of the pickup; and

a memory that stores information about the optimal tilt
angle, wherein

when the optical disk has a plurality of recording layers on
one side, the tilt-angle controller adjusts the tilt angle
with respect to each of the plurality of recording layers to
detect the optimal tilt angle and the memory stores infor-
mation about the optimal t1lt angle with respect to each
of the plurality of recording layers,

the t1lt angle with respect to each of the plurality of record-
ing layers 1s controlled 1n accordance with the informa-
tion about the optimal tilt angle with respect to each of
the plurality of recording layers stored in the memory,
and

the focus controller adjusts the focus bias and the spherical
aberration controller adjusts the aberration correction
value to traverse-maximized adjustment values at which
the traverse signal has the maximum amplitude at a
position toward an inner circumierence of the optical
disk and stores the adjusted focus bias and the aberration
correction value.

7. The optical disk apparatus according to claim 6, wherein
the tilt-angle controller adjusts the tilt angle with respect to
cach of the plurality of recording layers at the position toward
the 1nner circumierence of the optical disk to detect the opti-
mal t1lt angle.

8. The optical disk apparatus according to claim 7, wherein
the memory stores the information about the optimal tiltangle
with respect to each of the plurality of recording layers at the
position toward the inner circumierence of the optical disk.

9. The optical disk apparatus according to claim 8, wherein
the focus controller adjusts the focus bias and the spherical
aberration correction controller adjusts the aberration correc-
tion value to error-rate-minimized adjustment values at which
data corresponding to the radio-irequency signal output from
the pickup has the minimum error rate at the position toward
the mmner circumierence of the optical disk and stores the
adjusted focus bias and aberration correction value.

10. The optical disk apparatus according to claim 6,
wherein the focus controller adjusts the focus bias and the
spherical aberration correction controller adjusts the aberra-
tion correction value to the traverse-maximized adjustment
values at a position toward an outer circumierence of the
optical disk after the pickup 1s moved to the position toward
the outer circumierence of the optical disk.

11. The optical disk apparatus according to claim 10,
wherein the tilt-angle controller adjusts the tilt angle with
respect to each of the plurality of recording layers at the
position toward the outer circumierence of the optical disk to
detect the optimal tilt angle.

12. The optical disk apparatus according to claim 11,
wherein the memory stores the information about the optimal
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t1lt angle with respect to each of the plurality of recording
layers at the position toward the outer circumierence of the
optical disk.

13. The optical disk apparatus according to claim 12,
wherein the focus controller adjusts the focus bias and the
spherical aberration correction controller adjusts the aberra-

20

tion correction value to the error-rate-minimized adjustment

values at the position toward the outer circumierence of the
optical disk.
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